Recent advances in medical imaging are beginning to allow us to quantify brain tissue maturation in the growing human brain prior to normal term age, and are beginning to shed new light on early human brain growth. These advances compliment the work already done in cellular level imaging in animal and post mortem studies of brain development. The opportunities for collaborative research that bridges the gap between macroscopic and microscopic windows on the developing brain are significant. The aim of this paper is to provide a review of the current research into MR imaging of the living fetal brain with the aim of motivating improved interfaces between the two fields. The review begins with a description of faster MRI techniques that are capable of freezing motion of the fetal head during the acquisition of a slice, and how these have been combined with advanced post-processing algorithms to build 3D images from motion scattered slices. Such rich data has motivated the development of techniques to automatically label developing tissue zones within MRI data allowing their quantification in 3D and 4D within the normally growing fetal brain. These methods have provided the basis for later work that has created the first maps of tissue growth rate and cortical folding in normally developing brains inutero. These measurements provide valuable findings that compliment those derived from post-mortem anatomy, and additionally allow for the possibility of larger population studies of the influence of maternal environmental and genes on early brain development.
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Introduction
This article reviews some of the recent advances that are beginning to allow us to quantifying brain tissue maturation in the growing human brain prior to normal term age. This work has been driven by the increased clinical use of magnetic resonance imaging to study both premature neonatal brain injury and to study fetal brain growth in-utero. Such techniques now provide an opportunity not only for improved clinical research but for basic neuroscience studies that can compliment the significant body of work on fetal brain growth derived from post-mortem data. In particular, cellular level studies have already provided dramatic new insights into the migration of cells in the formation of the cortex. However, the next step is to provide stronger links between these microscale observations and the formation of macroscale anatomy. The opportunities for collaborative research that bridges between these microscopic and macroscopic windows on the developing brain are significant. The aim of this paper is therefore partly to * Corresponding author. Tel.: +1 206 221 7022.
E-mail addresses: colin.studholme@ieee.org, studholm@uw.edu (C. Studholme). URL: http://depts.washington.edu/bicg (C. Studholme).
provide a review of the current research into macroscopic imaging of the living human fetal brain and partly to act as a motivation for improved links between the two complimentary fields of endeavour.
Advances in MR imaging and motion correction
Although modern ultrasound imaging provides sensitive, high resolution images of the growing fetus that have become essential for clinical evaluation of pregnancy, its use in studying the brain has been limited by the presence of the skull and the ability of ultrasound to distinguish subtle differences in brain tissues. As a result, challenging clinical cases have driven (Weinreb et al., 1985; Powell et al., 1988; Horton and Tempany, 1995) the increased use of MRI of the human fetus, particularly in studying the brain (Williamson et al., 1989; Wilde et al., 2005) . However, this clinically driven development has also opened up the possibility of improving our basic knowledge of brain development in-utero, with the opportunity to study the process of brain tissue growth in detail as it happens. This capability can potentially compliment information that has already been gained from many postmortem studies of the human fetal brain. MRI however also has significant limitations for fetal brain studies that arise from the relatively low
